Aim To identify the proportion and characteristics of patients with severe symptomatic mitral regurgitation (MR) who are denied surgery.
Introduction
Mitral regurgitation (MR) is the second most frequent valvular heart disease in industrialized countries. 1 A number of contemporary series, taking into account the changes resulting from the shift from rheumatic to degenerative aetiologies, have improved knowledge on spontaneous prognosis as well as results of surgery in MR. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Although there is controversy regarding the optimal timing of intervention in asymptomatic patients, a consensus exists that valvular surgery should be advised in symptomatic patients who present with severe MR, as shown by the corresponding class I recommendation in ACC/AHA guidelines. 15 However, the actual application of guidelines has not been studied so far in the latter group of patients.
We used the data from the Euro Heart Survey on valvular heart disease to estimate the actual proportion of symptomatic patients with severe MR in whom a decision not to operate was taken. This was possible because this survey was designed to evaluate practices and, thus, included patients regardless of therapeutic decision. It was also possible to analyse patient characteristics according to the decision to operate or not.
Methods

Study population
The Euro Heart Survey on valvular heart disease was conducted between April and July 2001 in 92 centres from 25 European countries. Recruitment took place in medical and surgical wards, as well as in outpatient clinics in a variety of hospitals. Details of the methodology of the study have been described previously. 1 Of the 5001 patients included during the 4 months of the study, 877 had isolated MR on a native valve, i.e. without associated mitral stenosis with a valve area 2 cm 2 , aortic regurgitation 2/4, or aortic stenosis with a maximum jet velocity 2.5 m/s. Of them, 546 had severe MR, as defined by a grade 3/4 assessed using semi-quantitative Doppler-echocardiography, as pre-specified in the survey. 1 Among these 546 patients, 396 had dyspnea New York Heart Association (NYHA) class II or greater and 144 were in NYHA class I, functional status being missing in six patients ( Figure 1) . The 396 patients with severe MR and symptoms, i.e. dyspnea NYHA class II or greater, form the basis of the present study.
When different methods were available to assess left ventricular ejection fraction (LVEF), priority was given to ventricular angiography, followed by radionuclide and, finally, echocardiographic evaluation. Left ventricular end-diastolic diameter, end-systolic diameter, and left atrial diameter were assessed using time-motion echocardiography. Systolic pulmonary artery pressure was derived from maximum gradient between right ventricle and atrium using continuous-wave Doppler.
Therapeutic decision
The analysis of the therapeutic decision was based on the decision to operate during the index evaluation and not on the actual performance of surgery. Patient characteristics were compared according to whether there was a decision to operate or not. Reasons advocated by responsible practitioners who were interviewed were also analysed for in-hospital patients who were denied surgery.
Outcome
Follow-up started from the inclusion date in the survey. One-year follow-up was pre-specified in the Euro Heart Survey on valvular heart disease. It was available in 392 of 396 cases (99%).
Statistical analysis
Quantitative variables were expressed as mean + standard deviation. Predictive factors of the decision not to operate were analysed by comparing 25 patient characteristics related to demographics, risk factors, comorbidity, symptoms, and investigations, as listed in Tables 1 and 2 . Definitions of risk factors and comorbidities are detailed in the appendix. Comorbidities were analysed individually and combined using the Charlson comorbidity index. 16 Univariable comparisons used the unpaired Student t-test for quantitative variables and the x 2 test for qualitative variables. Variables with P , 0.25 were entered in a multivariable logistic model and were selected using a backward procedure with a threshold of P ¼ 0.05. An internal validation of the model was performed using the bootstrap resampling technique. 17 The model was applied to 1000 replicated bootstrap samples. The c-index (area under the receiver operating characteristic curve) was calculated for each bootstrap sample and subtracted from the initial c-index obtained in the original population. The average of the differences between the initial c-index and the c-index from the bootstrap samples was then subtracted from the initial c-index to obtain the corrected c-index with the bootstrap technique.
One-year survival was analysed using the Kaplan-Meier method. Univariable analysis of the predictive factors of 1 year mortality used a Cox univariable model. Variables with P , 0.25 were entered into a multivariable Cox model and selected using a backward procedure with a threshold of P ¼ 0.05, except for the variable 'decision to operate' which was kept in the model. The assumption of proportional hazard hypothesis was verified graphically. All tests were two-sided. A P-value ,0.05 was considered significant. Analysis was performed with SAS statistical software (SAS Institute Inc. release 8.2).
Results
Patient characteristics
The majority of patients were in-hospital [224 (56%) were included in a medical department, 106 (27%) in a surgical department], and 66 (17%) outpatients.
Mean age of the 396 patients was 66 + 13 years; 137 (35%) of them were aged between 70 and 80 and 40 (10%) over 80. Degenerative valve disease with valve prolapse was the most frequent aetiology, being present in 209 (53%) patients. At least one comorbidity was present in 160 (40%) patients. The mean Charlson comorbidity index was 1.24. Coronary artery disease was present in 100 of the 228 (44%) patients in whom coronary angiography was performed: 29 (13%) had single-vessel disease, 29 (13%) had double-vessel disease, 40 (17%) had triple-vessel disease, and two (1%) had left main disease.
Most patients were on medication at inclusion: 272 (69%) received diuretics, 238 (60%) angiotensin-converting enzyme inhibitors, 154 (39%) b-blockers, 98 (25%) nitrates, and 64 (16%) calcium-channel blockers.
Therapeutic decision
Of the 396 symptomatic patients included in this study, surgery was denied in 193 (49%). A decision to operate was taken in 203 patients, among whom 135 (67%) underwent surgery in a participating centre during the survey period and 68 (33%) were scheduled for intervention. Valve replacement was performed in 79 patients (59%) and valve repair in 56 (41%). Coronary artery bypass grafting (CABG) was combined in 39 patients (29%) in the whole population and in 15 of the 18 (83%) patients who underwent surgery for ischaemic MR. Five patients (3.7%) died during the 30 post-operative days: four of the 39 patients (10,3%) who underwent mitral valve repair or replacement combined with CABG, one of the 60 patients (1.7%) who had mitral valve replacement without CABG, and there were no deaths in the 36 patients who had mitral valve repair without CABG.
Patient characteristics associated with decision not to operate in univariable analysis are summarized in Tables 1  and 2 . Surgery was denied more frequently in older patients ( Figure 2 ), in those with congestive heart failure, diabetes, and comorbidity as attested by a higher comorbidity Charlson index ( Figure 3) . Patients with ischaemic MR were more often considered candidates for surgery than those with non-ischaemic, in particular degenerative, MR ( Table 2) . Patients were more frequently denied surgery when LVEF was ,60% and MR was graded 3/4 vs. 4/4 ( Figure 4 ).
There was no significant difference between the four European regions regarding the proportion of decision not In case of missing data, the number of patients with available data is specified at the denominator. Definitions of risk factors and comorbidities are detailed in the appendix. to operate, which was 42% in Northern Europe, 46% in Eastern Europe, 50% in Western Europe, and 53% in Mediterranean Europe (P ¼ 0.63).
In multivariable analysis, the five characteristics linked to the decision not to operate were lower LVEF, non-ischaemic aetiology, older age, higher Charlson comorbidity index, and grade 3 MR ( Table 3) . The c-index of the final logistic model was 0.760 in the original population and the corrected c-index was 0.735 when validated using the bootstrap technique.
The most frequent reasons advocated by practitioners against surgery, either singly or in combination, were: resolution of symptoms under medical treatment (45%), followed by the presence of comorbidity (37%), advanced age (28%), patient refusal (23%), and terminal heart failure (18%).
One-year outcome
Follow-up was available in 191 of the 193 patients (99%) who were denied surgery and in 201 of the 203 cases (99%) in whom operation was decided upon. One-year survival was lower in those who were denied surgery than in those who were considered surgical candidates (89.5 + 2.3% vs. 96.0 + 1.4% respectively, P ¼ 0.02). In multivariable analysis, older age and higher Charlson comorbidity index were the two predictive factors of a higher 1-year mortality, while therapeutic decision was not a significant predictor ( Table 4) .
Of the 193 patients who were initially denied surgery, 19 (9.8%) underwent mitral surgery during the year following In case of missing data, the number of patients with available data is specified at the denominator. 
Discussion
In this contemporary pan-European survey including a wide range of centres, 49% of symptomatic patients with severe MR were denied surgery, although surgery is strongly recommended in symptomatic MR according to current guidelines. The characteristics independently associated with a decision not to operate were lower LVEF, nonischaemic aetiology, older age, higher Charlson comorbidity index, and grade 3 MR.
Population
Most series on MR include hospitalized patients from tertiary centres, who were scheduled for operation. A particularity of the Euro Heart Survey was to screen a wide range of centres and to also include outpatient clinics. Thus, the present study is likely to limit inclusion bias in the analysis of decision-making. The characteristics of patients with severe and symptomatic MR were consistent with those in published series in industrialized countries. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The predominance of degenerative aetiologies is associated with relatively advanced age. Forty-five percent of the patients were aged 70 in this survey, which may account for the fact that 40% of the patients presented at least one comorbidity. Published series do not always detail comorbidity and, moreover, are likely to report lower rates since most of them are surgical series, with inherent selection bias.
Therapeutic decision and associated patient characteristics
The decision not to operate on approximately half of symptomatic patients with severe MR seems particularly high in the light of ACC/AHA guidelines. 15 When analysing patient characteristics linked to the therapeutic decision, it is necessary to take into account their respective impacts on the results of surgery as well as on the spontaneous outcome in severe, symptomatic MR. 3, 5 Low LVEF is a predictive factor of spontaneous mortality, 3 ,5,13 post-operative mortality, 18 and post-operative LVEF 19 in MR. Despite a higher operative risk and less satisfying late results than when LVEF is .60%, symptomatic patients with moderately impaired left ventricular function benefit from surgery since they have a particularly poor outcome under medical therapy. 5 Thus, surgery is a class I recommendation in ACC/AHA guidelines in patients with severe MR and LVEF between 30 and 60%. 15 However, we observed in this survey that this range of LVEF, which accounted for 53% of the population, was associated with a frequent decision not to operate in univariable and multivariable analyses. On the other hand, the recommendation for surgery is less strong in patients who have left ventricular end-systolic dimension .55 mm or ejection fraction ,30% (class IIa). 15 However, the latter patients accounted for only 11% of our study population.
In this survey, patients with ischaemic MR were more often considered as candidates for surgery than those with organic MR, in particular degenerative diseases. This may seem somewhat unexpected given the lower risk-benefit ratio in ischaemic when compared with non-ischaemic MR, which explains that indications for mitral surgery are more debated in ischaemic MR. 20 Coronary disease was probably the main reason for indicating surgery in patients with ischaemic MR, since the majority (83%) of operated patients with ischaemic MR underwent associated CABG. It can be supposed that mitral valve surgery was more likely to be associated rather than being the primary reason for surgery. Nevertheless, this association points out that patients with non-ischaemic MR were frequently denied surgery, although most of them had degenerative MR, a condition for which the risk-benefit analysis strongly supports the performance of mitral surgery in symptomatic patients.
Age was strongly associated with the decision not to operate. In univariable analysis, patients aged between 70 and 80 were more often denied surgery although the increase in the risk of surgery is only moderate in this group. 21, 22 The relationship between age and the therapeutic decision remained highly significant in multivariable analysis. Given life expectancy in industrialized countries, the comparative assessment of spontaneous outcome and the results of surgery does not support denial of surgery on the sole basis of age in patients aged between 70 and 80, who represented a high proportion of the study population. Surgical denial may be more justified in patients aged over 80, who accounted for only 10% of our study population.
The presence of comorbidities, as attested by a higher Charlson comorbidity index, was associated with a more frequent decision not to operate. This may be understandable since an increased Charlson comorbidity index has a negative impact on life expectancy 16 and most comorbidities also increase operative risk. 21, 22 The high frequency of comorbidities is a probable explanation for the high proportion of patients who were denied surgery in the present study. Coronary artery disease increases operative risk, but its weight in the decision to operate cannot be objectively assessed since the performance of coronary angiography is closely linked to the decision to operate. 15 This leads to a bias in the evaluation of the prevalence of coronary disease in non-operated patients. This is the reason why we did not include the presence of coronary artery disease in the multivariable analysis, thereby precluding the analysis of its impact on decision-making. Although there is no ideal method for controlling the role of comorbidities in decision-making, the Charlson index is widely validated and enables comorbidities to be weighted according to their prognostic impact. In this survey, patients with grade 3 MR were less frequently considered candidates for surgery when compared with those with grade 4 MR. This suggests that practitioners may not have attributed symptoms to grade 3 MR. However, there is no evidence to support a reluctance to consider surgery in symptomatic patients with grade 3 MR. Semiquantitative grading of MR has been described according to the angiographic quantitation scale and guidelines advise intervention in symptomatic patients with grade 3 or 4 MR. 15 Besides objective patient characteristics associated with therapeutic decision, reasons advocated by medical practitioners provided additional, although more subjective, insights into decision-making. Resolution of symptoms under medical therapy was considered as a reason not to operate in nearly half of the patients, either singly or associated with other reasons. This is in contradiction with the predictive value of symptom onset, which is the strongest predictor of mortality, even if resolved under medical treatment. 5 Vasodilators may decrease the regurgitant volume in organic MR. 23 However, their efficacy on survival has not been proven so far, which explains that guidelines do not recommend the use of vasodilators in MR. 15 Consistently with objective patient characteristics identified in this study, age, and comorbidities were also cited as reasons for a decision not to operate. Patient refusal was mentioned in 21% of the patients. However, in particular for the latter reason, the subjective component makes it difficult to interpret, and patient refusal may be strongly influenced by the conviction of the responsible practitioner.
In this survey, the high proportion of patients who were denied surgery is not related to the infrequency of performance of valve repair. Valve repair should be favoured when possible and its feasibility can be a further incentive for intervention. Forty-one percent of the operated patients had valve repair in this study. This can be related to the frequency of degenerative MR and is consistent with the findings of contemporary surgical registries. 24 Moreover, in patients with severe symptomatic MR, surgery should be performed using any kind of technique. 15 Patient characteristics linked to the decision not to operate in patients with severe MR are consistent with those identified in aortic stenosis in the elderly in the same survey, in particular older age and impaired LVEF. 25 Although prognostic implications of LVEF differ between aortic stenosis and MR, these findings show that treatments tend to be under-used in the patients who have the highest risk profile, as in other heart diseases.
Outcome
Operative mortality was relatively low in this series. This is likely to be a consequence of the frequent performance of valve repair and, more importantly, the selection of patients at relatively low risk for surgery, as attested by the factors linked to the therapeutic decision.
One-year mortality was mainly related to age and comorbidities. Unlike in univariable analysis, decision-making was not significantly linked to 1-year outcome in multivariable analysis. However, this finding should be interpreted with great caution because multivariable analyses have limitations for controlling the respective strengths of strongly linked predictive factors. The absence of predictive value of the decision to operate on survival may also be explained by the short duration of follow-up. When a decision to operate was taken, most deaths were observed during the post-operative period, while their occurrence was more progressive in non-operated patients. Therefore, longer follow-up of at least several years would be required to assess the benefit of surgery.
Even when taking into account the 19 patients who were initially denied surgery, but who underwent subsequent intervention, there were no relevant changes in 1-year survival of operated and non-operated patients.
Study limitations
The Euro Heart Survey enables actual practices in the surgical treatment of valvular heart diseases to be better ascertained than in series from surgical or tertiary centres. However, the true proportion of patients who were denied surgery cannot be estimated since this survey only included patients who were referred to cardiologists. Thus, it is likely that this proportion is even higher in the general population.
The severity of MR was assessed using semi-quantitative and not quantitative Doppler-echocardiography and there was no central reading. However, in this survey, MR grade should be interpreted with caution given the limitations inherent to semi-quantitation. The combination of different methods, including quantitative echocardiography, is now recommended and quantitation of MR has a prognostic value. 26, 27 However, these recommendations had not been published at the time the survey was performed. The requirement of quantitative methods would have limited the inclusion of patients from non-tertiary centres and would have precluded practices being evaluated in a wide range of health care structures.
Selection bias cannot be ruled out in the present survey. Although there was a wide range of participating centres, they were not selected at random and this study cannot be considered as epidemiologically representative.
The lack of external validation limits the accuracy of the factors linked to the decision not to operate. However, the predictive ability of the logistic model was attested by the low decrease in its discriminant accuracy, as assessed by the c-index, when using the bootstrap technique to limit the bias inherent to internal validation.
This survey enables the reasons of actual decisions in patients for whom guidelines advise intervention, to be assessed for the first time. However, it does not enable the whole process of decision-making to be assessed and the appropriateness of the decision to be analysed in each individual patient.
Conclusion
This contemporary survey shows that as many as a half of symptomatic patients presenting with severe MR were denied surgery.
The fact that non-operated patients were older and more frequently have moderate impairment of LVEF than operated patients suggests that the decision not to operate may not be always justified by the corresponding risk-benefit analysis of surgery. The relationship between comorbidities and the decision not to operate may seem more justified and this has an important impact given the increase in age and inherent proportion of comorbidites in patients with valvular diseases in industrialized countries.
Further prospective studies are warranted to address in particular the impact of comorbidities, and their interaction with other characteristics in the risk-benefit analysis of the decision to operate.
